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Introduction. 
Indeterminate system jùع‎ oرlڊعe‎ sيstem‎ Jا فى المسائل التى يكون فيھا‎ 
: يفضل أن نحل هذا ال 9۳ بطريقه من الطرق الأتيه‎ 
@ Moment Distribution Method. 


® Virtual Work Method. 
© Approximate Method. (Not For all systems). 


@ Moment Distribution Method. 


We better use it IF there is no Sway. 


يفضل العمل بهذه الطريقه اذا لم يوجد(رهسء) على ال (te۸ءرء)‏ . 


Systems solved by Moment distribution Method :-— 


(D Two Hinged Frame. 


The Frame has to be 
symmetric in Loads & Dimensions. 


يجب أن يكون متماثل فى الاحمال و الابعاد. 


@ Fixed Frame. 


The Frame has to be 
symmetric in Loads & Dimensions. 


يجب أن يكون متماثل فى الاحمال و الابعاد. 


اذا وجد (رهسء) على ال ( ۸ ءرء) و اردنا حله بطریقa Moment distribution‏ 


یجب أن نعمل ۰٥٣۳۲۰۲0۸‏ ریهسء و ذلك سیکون صعب فى الحل ۰ 
لذا الاسهل فى هذه الحاله الحل بطريقه ا0س ٣1‏ . 
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® Virtual Work Method. 


We better use this method IF: 
O IF there is a Sway. 


@ IF there is a link member. 


Systems solved by Virtual Work Method:— 


OD Two Hinged Inclined Frame. _______-_-_-- 


@ Two Hinged Frame subjected to HL. Load From one Side. 1 
@ Cantilever Frame with Link member. 7 


@ Fixed-Roller Frame -—---------- 


® Saw Tooth (CGirder type). ----- 


© Approximate Method. 
Systems solved by Approxrimate Method :— 


(OD Triangular Polygon Frame. ص‎ 
® Trapezoidal Polygon Frame. کے‎ 


@ Arch Cirder. ال‎ 
@ Arch Slab. = gS 


حح ج ص ي ج ج ج >> ج جڪ ڪي 
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(@ Moment Distribution Method. TEE 


@® Get Moment of Imertia For all members. (« وکل‎ To » El: 
® Calculate the stiffness For each member. (« Ko, Ko» 


© Get Distribution Factors at all Joints. « D.F.» 

@ Get Fixed End Moments For Beams. « F.E.M.» 

© Get the Final Moment. « MF = F.E.M. cean)* PF. (o1) » 
® Get B.M.D., N.F.D., S.F.D. 


@Get Moment of Inertia For all members. «Ie, Io » 


* [For Column. 


MD Two Hinged Frame. 1 


1 


اة ا 


حح ج ص ححح ص حح ج ج > ڪڪ 
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x For Beams. 


Ib Ib 


IF there is a slab 


IF No Slab 
on the Frame 


on the Frame 


@M IF there is a slab on the Frame. 


—B-6t اه ای‎ 
To =(.10 Bt SE > 1 
L1 أ‎ E. 
Table Page 63 انا سنا‎ 
For Solid slab. For H.B. slab. 


أو ممکن حساب ال ج کالاتی 
E E‏ 


E 
A= Bts+ b (t-t) ٠ 

e 
y _ Bt (f) +0 (t-t) (E) +4] 


A 
I e b (t-ts) 3و = ا‎ ۰ Bt; Blt, TE ۰ 
b 0 t5 + ا‎ ) ts) ) ( َ )+t-¥ ) و‎ (7 18 ( 
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@ IF there is no slab on the Frame. 


عند وجود شخشیخه یوجد قطاعان فی کمرہ ال ۴٣۳e‏ 


Sec. ® Io Sec. ® Iz 


Io = Io1i« 2L, + Ives Lz 
ZAL,+Le 


نأخذ المتوسط 


حح ج ج ص ج ص حح ج ج >> ڪڪ 
O Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ( System 8 ) Solving Indeterminate Structures.‏ 
Downloading or printing of these notes is allowed for personal use only.‏ 
Commercial use of these notes is not allowed.  (www.yasserelleathy.com ) Page No. 6‏ 


O Calculate the stiffness For each member.( Kos Ko) 


® Fixed-Fixed K= 


۱ 


@ Fixred—Hinged K= 


۱ 
دا | ے 
| 


@ Fixred-Fixzed (Symmetric) K=1 1 ئ يلم‎ 
ج‎ 


الہ ا 


© Get Distribution Factor For all Joints. 


For any Joint 


C 
@ 
2K = K(a-b) ۳ K(a-e)+ K(a-a) 
K(a-b) d 

(ab) 2K 

_ k0 
(a-€C( 2 K 
ol" ج‎ Kad) 
(a-d) 2K 


Note: For any Joint > D.F.= 1.0 


حح ج ج ججح ج ججج ص جڪ ص جڪ صي 
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( Systems ) Solving Indeterminate Structures. 


(MD Two Hinged Frame. 


Kb D.F._ = e 


= Ko+K. 


@ Fixed Frame. 


| ك | 
“9 
پا 
Oo‏ 


D.F._ = e 


a a "0 Ko+K; 
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@ Get Fixed end Moments For Beams. « F.E.M.» 
(4 Ve) إذا کان العزم يدور فی نفس اټجاه عقارب الساعه تکون الأشاره‎ we) 


(re‏ إذا كان العزم يدور فى تجاه عكس عقارب الساعه تكون الأشاره (م7-) 


ممكن للتسهيل عمل حل تقريبى و هو تحويل الاحمال المركزه الى حمل منتظم 
مع شرط أن يكون عدد الاحمال المركزه على الكمره لا يقل عن ۳ 


* 


WL 
4 4 ءل‎ IF number of Loads 2 3 
سے‎ 


ا[ ا 
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© Get the Final Moment. « Mr)» 
یتم حساب العزم الخارجی للعمود ر۷‎ ہoصent‎ distr u t0۸ بدل عمل جدول لا‎ 


@D Two Hinged Frame. 


MF = F.E.M. ceam)* P-F- (cor) 


Mr 
e _ 2 Load 
ر ل‎ 


@ Fixed Frame. 


MF = F.E.M. Geam)* P-F- (oo) 


e Mr +MRAZ E > Load 
h 2 


حح ج ص جح حح ج جج ڪڪ ص حص ج ي 
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Two Hinged Frame. 
Exarmp le. 


| 3 0 | 81 0 | 6 e 0 | 3. 0 | 3. 0 | 
ZZ ZZ z2 


( 
١ 
§ 
ST mM 


{ 


(350 x×1300( 
s کے‎ 0. 14 147 


For the given Frame, Draw B.M.D. & N.F.D. 
For the Two hinged Frame 
we will use Moment Distribution Method. 
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Solution. 


@ Get Moment of Inertia For all members. «Io, Ip » 


Ic : 


b =0.35‏ 
ا ٍ )2.1.30( 0.35 _ b (St‏ 
وھ ا mi‏ 0.03708 ا ا 


پا 


Ib 


LIS LLLLLLLLLLLLLLLLLLLLLLLILILLLLLLLLLLL SLL 


کے کے 


o1 


Table Page 63 


B=6tg+b.=1.19 
۱ 


2 
8 


ts _0.14 _‏ 
1.30-= ا 1.30 4 
ا 5 = ل پور _ 0.85_ b,‏ 


B 1.19 E 
ا‎ -4 
Ip =((}.10°) Bt = 365*10 «1.191.30 = 0.09542 m 


0.35 (1.30) ey 1.30 
12 ˆ 2 


Io = Io1*2 L,+Ioas* Le‏ لے 


نأخذ المتوسط 2Lr+Ls‏ 


Io = 0.09542 * 12.0+ 0.06408 *6.0 _ 0.08497 


© 
“. | p= 2.29 [e 
حح ج ص ج حح ج حح ج ج ج ج ڪڪ ڪڪ‎ 
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O Calculate the stiffness For each member. « Ko, Kp» 


D.F. For Joint b 

Ke 4h 4 6. 

Ke _ 1 I _ 1 “(E201 
2L 2 18 


© Get Distribution Factors at all Joints. « D.F.» 


D.F.q = A1 _ 0.668 
0.125 + 0.0636 


D.F-.b = 1- 0.663 = 0.7 


@ Get Fixed End Moments For Beams. ( F.E.M.» 


لان عدد الاحمال المركزه لا يقل عن ١‏ ممكن تحويل الاحمال الى حمل واحد منتظم . 


120 220 30 330 220 120 


14.0 EN\rî 
ولم ,هلم ام ,ولم وا‎ 
اا و ۲ ت د د‎ ک١‎ 
W = 0. .+ z>P = 14.0+ 2 (220) +2 (330) 11 kN\m: 
pO 18.0 


120 120 
١ 75.11 KN\mr ۱ 
ا ا‎ 


2 
F.E.M. beam) = 11 * 18 — 2028 kN.m 


س ههه سيس س ڪه ا 
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@© Get the Final Moment. « Mp)» 
MF = F.E.M. weam)* D-F.(co.) = 2028 »* 0.663 =1344.5 kN.m 


120 120 
75.11 KN\n 


~~) | 796 


N.F.D. 
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Approximate Solution. 


ML 


A] I5 


assume that in the beam there is an intermediate hinge at ج‎ 


_ 2> Loads 
1 = 


To get the reactions X 
Take the moment at Point OL = Zero 


Then Draw Internal Forces Diagrams. 


هذا الحل حل تقريبى جدا و غير دقيق › لذا لن نستخدم هذا الحل 
الا مع تعذر الوقت فى الامتحان . 
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Fxed Frame. 
1 e Ko 1 1K, XK 
For the given Frame, Draw B.M.D. & N.F.D. 


200 200 200 
130 200 200 130 


16.0 kN\m I b 
,ولو واو واو واو وال.3‎ 
I C 


(400 »1500( 6و‎ 
ts = 0. 12 Mm 


سس 


For the Fixed Frame 
we will use Moment Distribution Method. 


Solution. 


@ Cet Moment of Inertia For all members. «Io, Ip » 


1c 
b(t 0.4(1.50) 04 
@ ص 0.1125 = کس = یہ‎ 1ِ 
لمم ا‎ 
B=6tg+ b.=1.12 
E 1607 0.08 Table page 63 ا‎ 
b 


| = 392 t0. 2 


o٥ ے‎ 0-4 _ 67 


B 1.1 ا‎ =1.50 
Ip =((|.10) Bt = 39210 “1.12«1.50 . 
کے + ك‎ * #1. lÎ. 
4 
= 0.148 m D.= 0.4 
“ lp =1.317 Ie 
ج ص ج ج ج ج جڪ ص ج ڪيڪ‎ 
O Copyright Eng. Yasser El-Leathy 2016 „ All copyrights reserved. ( System 8 ) Solving Indeterminate Structures. 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed.  (www.yasserelleathy.com ) Page No. 16 


® Calculate the stiffness For each member. « Ko» Ko» 


K = Je _ le “_O“A][0O/ |[0Gg GO gag ee - 
o = l= 2 = 0.167 1 h | 1 
Ky = 1 1 „ (8121e 0.0313 I, ° ۶ ۱ 
2L 2 21 


© Get Distribution Factors at all Joints. « D.F. 


D.F. o =2167 __ _ 0 چھھ‎ 
0.167 +0.0313 


1- 0.842 = 0.158 


D.F. b 
@ Get Fired End Moments For Beams. « F.E.M.» 


U = 0.W.+ =P 130 200 °° 200° 200 ° 
Span 
5 (200 ١ ااا‎ 
21.0 لسن و ا‎ 
130 130 


62.62 kN\m 


F.E.M. 2 
1 12 
wl 62.62» (21.0) = 2301.3 kN.m ( 62.62 kN\m 
12 12 ي‎ 
جر .21 سا‎ 


@ Get the Final Moment. « Mp)» 
MF = F.E.M. ceam)* D-F.(co.) = 2301.3» 0.842 = 1937.7 kN.m 


y_ Mr+MAEZ _ 1937.7+968.85 _ g4 42 kN 


h 6.0 
f Z Load اشا‎ +2*130 _787.5 kN 
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130 130 
62.62 kN\m 


6.0 
484.42 kN 484.42 kN 
O as 
787.5 KN | 21.0 | 787.5 KN 
968.85 kN.m 968.85 KN. 
1937.7 1937.7 


1937.7 1937.7 


2617.95 


968.85 968.85 


4184.42 484.42 


787.5 787.5 


N.F.D. 


787.5 787.5 


حح ج ص ج حح ج ج > ج ڪڪ 
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Approximate Solution. 


I\5 I\5 
1 
gH 


و ر ر 


assume that in the column there is an intermediate hinge at H 


so we cam solve the Frame as Two hinged Frame but with height SH 


assume that in the beam there is an intermediate hinge at 


Y= 2. Loads 
2 
To get the reactions X 
Take the moment at Point OL = Zero 
Then Draw Internal Forces Diagrams. 


الا مع تعذر الوقت فى الامتحان 
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Two Hinged or Fixed symmetric Frame with cantilever. 


moment distrib utior J| بطريقه‎ ۴٣» یتم حل ال‎ 
moment distrib uti0r اJ‎ Jaڏج‎ Jمع و لکن يتعم‎ 
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ممكن للتسهيل 


symetric Frame J| ù خارج‎ cant] ever عند وجود‎ 


cantilever ùنa3ېڊ‎ Frame J| Jح‎ -\ 


Mı = F.E.M. Gean) * P-F- (o01) 


MF = 
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ممكن للتسهيل 


symetric Frame J| ù خارج‎ cantilever عند وجود‎ 


cantilever ùنو3ېڊ‎ Frame J| Jح‎ -\ 


Mı = F.E.M. Geam)* PF“ (oo) 


۲- حساب قيمه العزم النماضٿ MF = M,+ M,‏ 


حح ج ج ججح ج ج ج ص ج ج ج ڪڪ 
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فی طریقه ۴٥١۴۸‏ اہ ۷٣u‏ للتسمیل یتم تحويل الاحمال المركoj Concentrated loads‏ 
الى احمال منتظمه ءل»ه] dءutطDist‏ حتی لو کان عدد Concentrated loads‏ أقل من "۳ 


OIF there is a Sway. 


@ Get Moment of Inertia For all members. I 


® Make the Frame Determinate and Draw M ۴ 


نحذف كل الاحمال و نضع ۷م 1.0 فى اتجاه الىجھول ,1 سr»w(‏ © 


1.0 kN 1.0 kN 
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@ Calculate the deflections 5010, 011 


1 1 
م‎ = * M <M + * M, <M 
81 FE ( 1( E ( 1( 


c£b c#£c 


Sg Î, (MreM,) + Î, (MM) 
E E 


c £ b c*£c 


© Calculate X 


et X 


© Calculate M F 


Mp, = M. + X M, 
M 


س سسس سه س س س س م س 
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Two Hinged Inclined Frame. 


Example. 
For the given Frame, Draw B.M.D. & N.F.D. 
چے کس‎ " 3.95 140 kN 
۶ے کک‎ 140%N | 140KN 
4 E 8 2 ا‎ 8OkN 
2 26 ا‎ 


(300 +1200) 
ts = 0.12 m 


For the Two hinged Inclined Frame 
we will use Virtual Work Method. 


Solution. 
1c 
Iu - b(E 0.3 (1.207 
12 12 
= 0.025 m^“ ل 0.غ ا‎ 


B=6t4+ b,. =1.02 
ر‎ 


t 0.12 
ج‎ 120. 0۰10 Table Page 63 
. 8 SE 
ل( 4ووں0_ 0.3 _ با‎ ۳ =0 E 
1-1.2 


B 1.02 
ت‎ -4 
Io =(.10°) Bt = 360*10 1.021.2 | 


= 0.0634 m“ b.=0.3 
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Concentrated loads oزكرملا للتسهيل يتم تحويل الاحمال‎ 
Distibuted loads الى احمال منتظمه‎ 
WU = 0.wW.+ >P = 11.0 + 3 )140( = 37.58 kN\m 
span 2 +7.9 


kN‏ 5وو ا 
140EN | ۴ EN‏ و 


8O kN 
سن 5 ا‎ ١ 


ا 


8OkKN 


os kN 376.9 أ‎ 


حح ج ص ج حح ج حح ج ج ج ج ڪڪ 
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51 = « (M.*M, « (M.* M1) 
c*£c c +b 
2 
81 = Tt Rian EAT (E(790)(1118.4)[?.66 1+ § (e78.9) (7.90)[7.25] ) 
_> 5 
` Ecele 
811 = « (M,r*M1) ۳ « (Mr*M1) 
. c cb 


9 [7.25] + (7.9) (2.5) 0) 


چ +( .)6( 0( 2 


144 „ 330.15 _ 5 
Eel. Eel 


“Eel. 
S1+X 811 = Zero = =34893.35 „ y „ 4415 
Ec Ic Ec 8 


X=73.59kRN 


© 
73.59 kN 


73.59kN 


لے صو اا 


| 376.9 kN 376.9 أ‎ 
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Approximate Solution. 


dL 


assume that in the beam there is an intermediate hinge at ع‎ 


y= > Loads 
2 
To get the reactions X 
Take the moment at Point CL = Zero 


Then Draw Internal Forces Diagrams. 


هذا الحل حل تقريبى جدا و غير دقيق » لذا لن نستخدم هذا الحل 
الا مع تعذر الوقت فى الامتحان . 
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Inclined Fxzed Frames. Fixed Frames. 


3 
9 
fH) x 


ا 


QIN 
ا“‎ 


ES 


assume that in the column there is an intermediate hinge at 


H 


so we can solve the Frame as Two hinged Frame but with height SH 


assume that in the beam there is an intermediate hinge at 2 


_ 2 Loads 
ج‎ 2 
To get the reactions X 


Take the moment at Point OL = Zero 
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Example. 


Draw B.M.D. , N.F.D For the given Frame. 


خو کے 


(400+1 200 


Ground Level (+0.00) 
SESE 


RR ARNSSNSNSNSNSSNSANSSANSANANANANN KY 


الیو وا وچ ا وي اع وق اق ويا 


ا 


3 281.4 4 
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w= o.w. + 2P = 18g + 2(281.4)+ 4(157.2) — 87.4 kN\m 
span 2 (8.43) 
a11 


6.3۶ 5s 98.4 
2 1.4و‎ AW, 1644 


[BE _ 4e ee | | 
.421ا‎ 


= 0.033333 mM 


Io1 B=6t4+ b.=1.36 
ڪڪ‎ 

0.16 _ و 

e Table Page 63 s=0.16 

اا ۶2 = ا لوعن _ 0.4 _ :ا 


B 1.96 | 
اا‎ 


4 
Ig =(H.15°) Bt = 882.101.361.20 


= 0.0897 mf 
3 3 أ‎ 
0.4 (1.20 
Ibs 4 0.0576 m ا‎ 
£ ا نأخذ المتوسط‎ 
To 8 0.0897+2+6.32 +0.0576 + 22.11 - 0.08167 
28.43 

““ | Io=2.45 Ie 
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2533.4 
2533.4 


413.7 


1078.58 kN 


kN‏ 1078.58 أ 
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413.7 


810 = « (M.*Mr) + « (M.«»M1) 


Ce+c Cc £b 


51 = zero + - (8.48) (2688.4) [8.77] + (8.48) (418.7) [7.88] 


RGA, ( 


2 -9388.41 
- =(736.8( (8.43) [8.33 (= ۰جس“‎ 
) Es I. 


811 = 1 (Mer ) ۳ » (Mı*M,) 
¢ (2.007.0). 66[)+ FET (« 0)(8.43) [8.33] + (8.43) (2.66)[8. ”2( 
228.3 + 3 53 _ 7 
Ec Ecol. Ic Ec Ic 


S1+X 811 = Zero 


_ 93388.41 ¥ „ 709.87 _ >, |X =11.55 kN 
EI. EL 


Cc 4c 


r 1 4 4 IN 87. Nyy 1*4 ل‎ 


: IN 
وا‎ 
70 
131.55 kN 131.55 kN 
س جو‎ 
1078.58 el 1078.58 ا‎ 
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1262.64 


o0 00 
0ا 0ا‎ 
0 0 
« ۵ 
© © 
n 
ج ڪڪ ڪڪ ڪڪ ڪڪ ڪڪ ڪڪ ڪڪ‎ 
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Two Hinged Frame subjected to HL. Load From one Side. 


There is a sway on the Frame 


We will solve using | 7 | 
Virtual Work Method. 


Tb 
Ie 
س‎ 
M ۵ھ‎ 
ا د ا‎ 
Tb 
Ie 
لات‎ 1.0 kN M, 
إا وا‎ ¥ 
= 1 «(M.M 1 » (M, <M 
81 EI ( 1( + ET ( 1( ن‎ ¥, 
011 = 1 «(Mr*Mr) + 1 « (MM) 


Ec b clo 
Mr 


Mp, = M. + X, M, 
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Example. 


140 140 140 140 140 


0 4+13 = 48.0 EN\m 


500 kN 
Ib ا‎ 
Using Virtual Work 1 
C نے‎ 
اواو سا‎ 
1c Db =0 ۳ 
ہا‎ 6 =1.25 7 1 
مآ‎ (f) _ 0.35( $1.50) 1 ٣ 
12 12 


= 0.0569 mm 


ا .0 و ا 1o‏ 


= Tag = 0.08 Table page 63 = ا ا‎ = 1.07 


ا 
1 
ا 36.4 = _ 0.35 _ b,‏ 
ا 0.327 = B= q7‏ 
Ig =(M.10°) Bt = 362.4+10*1.07*1.50= 0.1308 m“‏ 

Io= 2.297Ic 9 


qm ج‎ 
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Using Virtual Work Method. 


500 EN 48.0 kN\m 


3000 


2400 
M. ے‎ 


1.0K 1.0kN 
و‎ n 
س س ڪڪ ا‎ 
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8 1 = « (M.*Mr) + « (M.*M1) 
c*b e lc 
- 1 1 2 
010 = TTT » (20.0)(3000 ) [6.0 ]+ 2 (2400 (20) [6.01 ) 


2 1 2 -19737 
——_ ( (6 ())3000(| £ 0 ڪڪ‎ 
EI, (4 )( ج1‎ * 1( E.1. 


2 (MreMr) 


011 = 
811 = = 1) 0) (20.0) ]6.0 | (+ 


E, (2.2971, (2. aT 


EI x (M,r* M1) ۳ 


7 (£. [2 *60[( 


_ 5 
Ec Io 


S1+X S11 = Zero 


_197950.37 ¡¥ „ 407.45 Zero > |X = 432.72 kN 


Ea I. Es I. 


48.0 kN\mrt 


432.72 kN 


330 e ر ور‎ 630 kN 
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2596.32 


2596.32 
403.6 


1303.64 


B.M.D. 


4132.72 
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Roller—-Fixred Frame. 
Example. 
For the given Frame, Draw B.M.D. & N.F.D. 
105 190 190 190 105 


ITI EEE EEE PP SEIIIHEEEELEVEVEES OE IESEHEIEEETEEMEEEE ESHEETS 


(400 »1600( 
ts =0.14m 


لو اوھ لواو چ 
مسو 0و ااا 


For the Fixed Roller Frame. 


we will use Virtual Work Method. 


Solution. 
1c 
3 3 
J. _b(t) _ 0.4 (1.60) 8 
ںی‎ = Ia b=0.4 
12 . 
= 0.1365 m“ ا‎ £1.60 
1b 
ts _ 0.14 
ج‎ 7 gg 20.0875 Table Page 63 B=6tg+ Db. =1.24 
bı _ 0.4 ا ل وھو.ں_‎ = 8 20.14 
B 1.24 t=1.60 
Ig= (M10) Bt = s6s10 “1.241.60 ا لأ‎ 
b.=0. 
= 0.18690 m“ . 
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للتسهيل يتم تحويل الاحمال المركjزo Concentrated loads‏ 
الى احمال منتظمهaه Distibuted loads‏ 


WU = 0.W. + 2P = 16.0 +3 (190) _ 44.5 kN\m: 
Spar 20.0 


105 190 190 190 105 


105 1 105 


Determinate and stable JأJا نحول الشكل‎ M٥ لرسم‎ 


Not stable 
ج ج جح س ج ج >> ي ج‎ 
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® Make the Frame Determinate and stable then draw B.M.D. « M.» 


105 105 
44.5 kN\m 


2225 Me 


1.0 kN 20.0 


20.0 
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8 1 = »(M«Mr) + و‎ 

Sn= = E 5]20[( EC (‡(11000)(20)[18.841) 
sgl ie 2) 

S1= 2 «(MM ) + 0 

44 4 = )34 .20)13( )م چ + )5201 (ene‏ 1 ج = 811 


S1otY 811 = Zero 


2504550 , y „ 4947.44 _ > ۲= 506.23 EN 


Ec Ic Ec Ie 


875.4 


875.4 
۸ 
LLLLLA 
N.F.D. 
La e | 
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Cantilever Frame with link member. 


@IF the Link member is Compression member. 


Tè 


810 = 1 « (M.*M1) + 1 «»(M.*M1) 


811 = 1 «(Mr<Mr) + 


EE CO EEE 


« (Mr +*M1) 


لت 
ہا 

o 
اح‎ 
e 


Mr 


حح حح حح ص ج ج جح ج ج ص جڪ ي 
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O IF the Link member is Tension member. 
we will take the extension of Tie into consideration. ۴ 


I‏ هذه الخطوه ممكن إهمالها للتسهيل إلا مع 
Polygon Frames & Arch GCirder‏ 


3 


0 1 = (MM) + 


x» (M.*Mr) E. = 4400 \ Fon | N/m 


„(cD [azare 1] re 


o 


811 = 1 «(Mr<Mr) + 


Ec Io Ece 
_ Fs»L : _ (Fy\ös) * Z 
e 0 و کی د‎ 


L= Length of the Tie. 
ا ا ا‎ 


cet X | Mp=M.+ X M, 
Mr 
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Cantilever Frame with Link member. 
Example. 
For the given Frame, Draw B.M.D. & N.F.D. 


(300 )1000ء‎ 
ts = 0.12 m 


For the Cantilever Frame with Link member. 
we will use Virtual Work Method. 


Solution. 

8 

1C 3 0.3 

I, _ b(t) _ 0.30.0) 1ِ 

12 12 ا ا‎ 
Io = 0.025 m^ ۰ 
1b B=-6t.+b,. =1.02 
0.12 ضح‎ 
8 TO 0.12 Table Page 63 
5 | 

bı _ 0.3 _ یو02‎ ۳ = 1 2| 
B 1.02 =1.0 


4 4 
Iy=(}.10°) Bt = 861101.02 ۰1.0 
= 0.0368 m se 


D.=0.3 
° Io =1.472 Ie 


O Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ( System 8 ) Solving Indeterminate Structures. 
Downloading or printing of these notes is allowed for personal use only. 


Commercial use of these notes is not allowed. ( www.yasserelleathy.com ) Page No. 47 
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= 
ارتا 
سا 9 
8 


0.624 kN 


STS 


o 


o 
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810 = 1 .(M.*Mr) + Û «(M.«M; ) 


Cc 2c Cc #£b 


8 = 1 E ء‎ 
1 ET (171 5( )3.0( [/.171) + ECT (4 (5.09) (1484.3) [1.56 ] 


ے ۰ ) [17 .1[ (5.09) )63.6( ج [ 17 .1 [ )226.2( )5.09( +4 


1 1 
5 (MreMr) + (MM, 
S11 e ) ) 


c*£c c#b 
1 (2.34) (3.0 [1.56 1 1 (2.34) (5.09)[1.56 
ıı = gÎ (06.0001.561) + gr (F2s9609[1.561) 


_ 7 
Eo Ie 


.* 81+X 811 = Zero 


+10750.8 11.787 
pT ی ا‎ > TX =— 912.0 kN 


Ca 


laz. 
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1710.5 


1710.5 
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Saw Tooth CGirder Type. 


Example. 


(H.B) = 30 cm. 
(U.L.) Loads 


For the gwen CGirder, 40 
ا‎ 
کے‎ 


Draw B.M.D. & N.F.D. 


ا0و وا pg‏ ںیا 


For the Saw Tooth (Cirder type) . 
we will use Virtual Work Method. 


Solution. 
-4 
I, =(.10 ) Bt a 


Db =0.30 m, ts= 0.30 m 77 


B=0.60 m, t=1.0 m 


0 _ و 
F10 ° 0 Table Page 63‏ 


| = 631 


-4 
I,= (h.10) Bt = (631۰10 0.501.0°( = 0.03155 mi 


3 3 


حح ج ص ج ج ج ج ص ڪڪ ڪي 
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ا0ا ,ل0 ااا 


أ 206.0 kN‏ 192.7 أ 
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0 1 = «(M.«*Mr) + «(M.*M1) 
c+1 c42 


2 1 سح 
E, (2.465); ( (10.59) (285.5) [2.33] + (410.4) (10.59)[ 1.751)‏ = 10 5 


8 --__ )1.751 [ )3.807( )5.70( + ]2.33[ )285.5( )3.807( ( ج 
Ec Iz Ec Iz‏ 


= 
011 = 


1 
MreMr,) + M,ı<M, 
» ) 3 ) ) 


1 


1(3. 807) (3.5) 2. 2 


1 
+ ([9ہ ا ا 2( Ec (2.465)Is‏ 


3.03 _ 15.523 38- ې 1ے 


- 7. 4777.48 X „ 33.033 - Zero > Î X= 144.6 KN 
Ec I? Ec I 


مأ 150ا ص10 ا 


ا 206.0 kN‏ 192.7 ا 
ت صصص ج ج ت ص ج صصص حح ي ر 
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Thrust Line. (Pressure Line) 


تعرdıف Thrust Line‏ 
هو عباره عن خط وهمی یوصل بین مکان محصله ال ( )/٥٣ "۵1 s)٣٤888‏ الناتجه 

(structure) J| تاعlطت‎ gqaج‎ yi (Bending moment ) s (Axial Force ) ùe 
(Thrust Line ) Jکش بحیث اذا کان شکل المنشاً (ureاcںu ئ( هو نفس‎ 

سنضمن أن ( ۴٥۳۲‏ 4»1) تؤثر تماما عند محصله کل قطاعات المنشاً و بالتالی 

ل یوجد ( n0 e۸‏ gوBendin)‏ عند کل قطاعات المنشاً (ureا ruc‏ اs)‏ . 


WU Mı Mr 


اذا تم عمل شکل ال )st٣u٥٤u٣e(‏ 
نفس شکJل‏ ) (Thrust 1ine‏ 

لن يكون Bending moment ) mia‏ ( 
و لکن پوجد فقط ( ۴0۳۴٥۲‏ اهثم»ه) 


حح ج ص ص حح ج حح ج ج جڪ ڪڪ ڪڪ 
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أشھر المنشأات التی یتم عمل شکلھا نفس شکل ( )7۸٣ ust 1۸Ne‏ ھی : 
Triangular Polygon Frame.‏ - 1 


2 - Trapezoidal Polygon Frame. 
3- Arch Girder. 
4- Parabolic slab. (Arch Slab). 


و لان فی هذه المنشأت نکون قیمه ۴٥۳۰۲(‏ ا»نمه) تقریبا ثابته على جمیع القطاعات . 
ا ٠‏ کے (e‏ 


constant 
لذا اذا رسمنا شکل ال (e٣Wاء5۲u) عکس شکل ال (.8.1⁄.2) کون هو نفسه‎ 
( Bending moment ) ale أى ¥ يکون‎ (rust 1ine ( شکل ال‎ 
. )‌ەجاuا‎ ۴0۴٤ ( و لکن يژثر عليه فقط‎ 
. و هذه تعتبر ميزه اقتصاديه لان هذا يوفر فى كميات كلا من الخرسانه و حديد التسليح‎ 


1 - Triangular Polygon Frame. 


اذا تم عمل ال )60d٤١(‏ عکس شکل ال )۸٥۳N۸۸٤(‏ ستکون قیمه ال ( )۸n0 ۳e۸‏ 
عليه تساوی 70 و سیژثر عليه ( 0n pre880۸ ۴0۳٥e‏ اri)‏ فقط 


ممکن أخذ ال )۷0۲٤(‏ واحد )۸٤۸9۲(‏ و الاخر )٣٥11e۴(‏ 
یں لکن یتم معما وضع ( eb e٤١‏ inا)‏ کما بالشکل 


Ten. 


حح ج ج ج ج حح ج ج ج ج ڪڪ 
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2- Trapezoidal Polygon Frame. 


3 - Arch Girder. 


FF F F 


B.M.D. F | ٣ F 


a 


4— Parabolic slab. 


کي وکسم 
ھک 


اذا تم عمل ال (51۵0) عکس شکل ال ( ۸0۳۸۸٤‏ ) ستکون قیمه ال ( ۸٥۳Ne‏ ) 
عليه تساوی 70 و سیؤثر عليه ( cop re880 ۴0۳٥e‏ اri)‏ فقط 
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Concept of Polygon Frames. 


4 ¢+ 4 ا 
س 


0 


تعتمد فكرە Polygon Fram J|‏ ءل تحJıy Couple yJl Bending mo mert J|‏ 
Compression Normal Forces & Tension Normal Forces JJ |‏ 
و ذلك للتوفیر لانه عند تصمیم قطاع عليه ٣e507‏ م٥۲‏ ںام ستکون کمیه الخرسانه 
و الحدید قلیله مما يعمل على تقلیل ثمن ال be١‏ ۸ع" 

و عند تصمیم قطاع عليه 7٥۸0٩‏ ١٣ام‏ تکون کمیه الحدید کبیره و کمیه الخرسانه 
قلیله و تکون ایضا نسبیا ثمن ال ٥.٤۸٤١‏ أقل . 


اذا حدثت استطاله بسیطه لا 7٤‏ سیحدٹث ۳0۳e ۸N‏ 
بسیط قیمته فیی حدود .1 0.05 اذا قیمه ال "0۳e‏ 
الذی سیتحول ل e٥1٤‏ یساری تقریبا .۸11 0.95 
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Approximate Method to solve polygon Frames. 


Polygon Frames. 


Neglect o0.w. of the Frame. 


نفرض وجود کمره تخیلیه 
> لھا نفس ال ہہ مء الافقی لا eص ۴٣a‏ 
ان ل لر لاد ما 


کک 
نحسب قيیمه آکڊر moment‏ 
کے للكمره التخليه و يسمى (( ,41 )) 
M= 0.05 M B.M.D.‏ 


(From Extension of the Tie) 
7٥ نتیجه لحدوث استطاله بسیه فی ال‎ 
0.05 11, قیمته‎ ۴۳۵۳٣۸۲ یحدث عزم على ال‎ 


P— 0.95 1M 
h 


T= 0.95 1 
h 
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Example. 


mL وا اال الل‎ SA 
20 


300 kN 300 kN 


150 kN 150 kN 


For the Polygon Frame, draw B.M.D. & N.F.D. 


S'o lution 300 kN 300 kN 
LALLA 
1 لیر 7 لیر‎ 7 = 
21.0 


N 2100 kN.m  2100kN.m  800EN 
M, = 300 «7.0 = 2100 kN.m 

M = 0.05 M.=0.05 (2100) = 105 kN.m 

P= T= 0.965 = 0.95 „ 2100 


= 665 kN 


B.M.D. /[ : 


O Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ( System 6 ) Solving Indeterminate Structures. 
Downloading or printing of these notes is allowed for personal use only. 


Commercial use of these notes is not allowed. ( www.yasserelleathy.com ) Page No. 60 


Arch Girder. 
—_______ ° the same as polygon Frames. 
Solving by Approximate Method. 


Example. 


الس 5,0 لال0 ,ملل ملل 5g‏ ملد 0 6g,‏ ا 


360 kN 360 kN 
360 RN 360 kN 


For the Arch Girder, draw B.M.D. & N.F.D. 


Solution 36ORN 36OKN 36OKN 36OkRN 


60 ملو ملو چ ل م ول ص.وg‏ 
25.0 
kN 720 kN‏ 720 


3600 400 0 B00 


M = 0.05 M.= 0.05 (5400) = 270 kN.m 


P= T= 0.95 Mo = 0.95 « 5400 — 1426 EN 
h 3.60 


B.M.D. 


1425 kN E 


M, = 5400 kN.m 


N.F.D. 


1425 kN 
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Parabolic ( Arch ) Slab. 
Solving by Approximate Method. 


Example. 


Solution. Wg= 5.70 kN\mr 
LLLTLTLLTLTLTLTT] 


M=Zero ر‎ 


8 
îy 


To Get N.F. LL a. ا‎ 


2 2 
2 


2 
Sl Eg am 


2 2 2 2 
P= VX +¥ = [34.2+51.3 = 61.65 kN 
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NOG am 
OMY 1 ر‎ 
پیا ۷( تھ‎ 


ا 


0 


^۱ 0 
n 
WISN ۵ 


(NCO AO 
RAA 


Nut 
Ni 
0 


^) 


Nl. 


u۸ 


4 


MIN 
NININ 
MINK 


۹ 
۹ 
۸ 
| 
a 
: 
2 
٤ 


EBeectsions +z 


orf Icertia er TT 


Bar eb 


Moment of Imertta For T—Sec. 


